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Abstract 
The focus of this MQP is to understand the aspects of a Structural Health Monitoring (SHM) 
scheme, and how it can be applied to bridge structures. The Structural Health Monitoring 
scheme based on accelerations and is carried out to understand the effects of vibrations on a 
structure to identify damage. This is accomplished by analyzing a 3D truss bridge model and 
determining were the critical points of the model structure are. These critical points provide the 
necessary information to carry out the accelerometer placement to monitor the bridge 
effectively. This project will outline the applications of sensors (mainly accelerometers) as well 
as their proper placement to insure the accuracy of the data collected and give insight to the 
growing field of structural health monitoring. The goal of this project is to implement my 
research into a SHM scheme and then apply it to the 3D model. 
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Executive Summary 
Structural Health Monitoring 
The focus of my project is Structural Health Monitoring (SHM). SHM is the development of a 
network of sensors and gages throughout a structure to monitor its health. This system of 
sensors combined with computer software and data collection methods are used to develop 
the SHM system that can be used in any structure. SHM systems are used to monitor majors 
structures, and in terms of my project bridges.  
SHM can be related to the monitoring of someone’s heart through the use of an 
Electrocardiograph monitor. When someone has heart problems and a diagnosis is needed, 
doctors connect electrodes or sensors to the person in key spots to record the person pulse. If a 
change in the persons pulse has occurred then it can be measured using the Electrocardiograph 
monitor. This same technology is used in SHM; the development of a network of sensors shows 
you a real time “pulse” of the structure. If an earthquake or accident occurs around the bridge 
then you would know almost immediately whether or not the structure was safe. 
The goal of this MQP is to design a SHM system based on a 3D model we have here at WPI. To 
develop a SHM model, the structural analysis of the truss was carried out to gain pivotal 
information about how the truss model response to loading and accelerations. Analytical and 
experimental data were then collected and coupled with background knowledge of the various 
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types of sensors as well as the different modes of bridge failures, to apply SHM scheme is based 
on accelerations for the truss model.  
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1. Introduction 
Structural Health Monitoring is become a vital component to structural engineering practices. 
The need to monitor the health of our infrastructure and also maintain it has never been more 
necessary than now with most of the infrastructure being structurally deficient.  In order to 
monitor the health of a structure a structural health monitoring system must be implemented 
to fully understand how the structure in question is responding to various loading conditions 
and determine whether it is susceptible to failure.  
 The main objectives of the SHM are to monitor the loading conditions of a structure, to assess 
its performance under various service loads, to verify or update the rules used in its design 
stage, to detect its damage or deterioration, and to guide its inspection and maintenance (Xia, 
2012).  
It is very important to understand the effects of accelerations of a structure because it will 
govern the design of a structural health monitoring system. When structures are being 
designed, such as bridge structures, properties such as dead load can be calculated with a high 
level of confidence and accuracy. When it comes down to wind, seismic or temperature loads, 
the accuracy is not as good because they are based on design standards. This makes the design 
of a SHM very important to monitor these effects on a bridge structure, to insure adequate 
design.   
When designing a SHM system it is also very important to understand the structure completely 
to insure proper design. Whether the structure in question is brand new or an existing 
structure, there are many things to consider when designing. These would include the 
environment the structure will be in, the traffic loads it will undergo on a consistent basis, how 
the structure was designed, whether or not the structure could with stand a natural disaster, 
and also the potential failures it could face. 
In understanding how structural health monitoring systems work, this MQP will be based on the 
background, process, and the implementation of a SHM scheme. This includes data processing, 
data collection, sensor applications, sensor networks and accelerometer testing. The 
implemented SHM scheme will be based on the structural analysis of 3D truss bridge model 
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coupled with sensor applications to make a small scales system that could monitor the effects 
of vibrations on the 3D model. It is important to understand how a bridge response to loading 
so that you can identify critical points within that structure. To identify the critical points in a 
structure and understanding what makes the point critical, gives you valuable insight on were 
particular sensors should be place to begin the process of monitoring the health of the 
structure. The monitoring of vibrations on the structure is also important to identify damage in 
the structure as well as potential failures that could occur. 
2. Background 
2.1 Structural Health Monitoring 
“The deterioration of the Nation's infrastructure brings new urgency to improving the safety 
and performance of bridges and other highway structures. Effectively managing their 
maintenance, repair, and replacement requires a deeper understanding of how these complex 
structures and their components respond to environmental conditions and increasing traffic 
loads and to unusual hazards such as earthquakes, floods, fires, and collisions.” (Transportation, 
2012) 
Structural Health monitoring is a way of determining the health of a structure, and in terms of 
this project a bridge structure. The way to determine the health of the structure is almost like 
giving someone an EKG to determine the health of their heart. A variety of sensors are placed 
strategically throughout a structure coupled with various computer programs and then a 
structures “heart beat” is developed.   Monitoring this “heartbeat” will give you the current 
state of the bridge.  
This is very advantages because it will reduce the costly efforts required to inspect a bridge as 
well as eliminate the need to close the bridge while inspection takes place. Also the use of SHM 
sensors will help understand the state of a structure after a natural disaster. To determine 
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whether a structure was safe minutes after a natural disaster occurred would be very beneficial 
not only to the structure but also could save lives in the process. 
The key component to structural health monitoring is the development of a network of sensors 
that will continuously monitor the health of a structure. The system is not just a tool to take 
measurements but rather a permanent system that provides real time data on how the 
structure is responding loading, vibrations and environmental effects. 
 
Figure 1: Structural Health Monitoring System 
The figure above demonstrates how a typical health monitoring system works. Although the 
figure does not show the particular bridge model this project focuses on, it still demonstrates 
the basic functions of a SHM system and what a complete permanent system would look like. 
2.2 The Need for SHM 
The potential failure of structures is a major concern for any society. The impact of structural 
failure can have large economic and public safety consequences. SHM systems can provide a 
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sensible way to prevent failure. Another important need for SHM is to fully understand how a 
structure will respond to natural or man-made disasters. 
 Natural disasters would include, tornados, earth quakes, and most importantly for bridge 
structures-flooding.  Man- made disasters would include fires, and for bridge structures-large 
accidents such as a large ship colliding into the bridge. To know whether or not a bridge 
structure was safe moments after a disaster would play a pivotal role in the survival of the 
structure and also the people who need to cross it.  
Structural health monitoring can also be used to assess preexisting damage to a structure, and 
determine whether or not the structure is still safe. This also aides in the maintenance of a 
structure and gives key information on which part of the structure might need repair or 
inspection to prevent failures from occurring .  
To be able to monitor potential failures or points of weakness in a structure is very advantages 
to society because it prevents the unnecessary shutdown of a bridge so that it can be 
inspected, and also limits the amount of human error during the inspection process. Both of 
which saving time and money, this is very important when dealing with very large structures 
such as a bridge. 
 
Figure 2: Demonstration of System Health over Time  
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The figure above demonstrates three systems A-C, and there health overtime. This 
demonstrates how SHM system in implemented would increases the life of the structures by 
being able to predict failures whatever may be the cause. SHM can increase the certainty as to 
which life path the system is following. This allows for informed case-by-case decision-making 
to prevent both accidents and premature removal (Huston, 2011). 
 
2.3 Vibration Damage Detection  
One of the most important aspects of structural health monitoring is the ability to identify 
damage in the structure. This ability to detect damage could prevent failure or give insight into 
which part of a bridge structure needs maintenance.  
There are several different methods in detecting damage in a structure, but the focus of this 
project is on vibration damage detection.  Unlike most nondestructive testing methods, 
vibration damage detection is regarded as the global method for testing. These methods have 
been developed on the premise that commonly measured vibration quantities, such as 
response time-histories and global vibration characteristics, are functions of the physical 
properties of the structure (mass, damping, boundary conditions and stiffness). (Xia, 2012)  
By understanding these physical properties of a structure like the stiffness, you can determine 
were damage has occurred by the reduction of stiffness. This reduction could be contributed to 
fatigue cracks or faulty connection which would cause the structure to become less stiff. 
Damage is identified by determining the change in vibration of a structure. If the structure 
becomes less stiff due to damage or impending failure, it will cause the vibration properties to 
change.  
There are several algorithms and damage detection methods to determine damage that has 
occurred in a structure. Damage detection methods can be categorized into time domain, 
frequency domain, and time-frequency domain methods. The time domain methods use 
response time-histories, mostly accelerations. These methods are generally based on the error 
equation of the inertia force, restoring force, and damping force. (Xia, 2012).  
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The focus of this project will be to measure the accelerations due to vibrations caused by 
loading. This will provide a basis of the overall stiffness of the truss model. If there is change in 
the stiffness, such as a loose connection point then the accelerations will change due to the 
increase in vibration. 
 
3. Design of SHM Systems for Bridges 
To begin the design process one must first understand the different components to a structural 
health monitoring system and how they work and come together. A SHM system generally 
consists of the following modules, namely, sensory system (SS), data acquisition and 
transmission system (DATS), data processing and control system (DPCS), data management 
system (DMS), and structural evaluation system (SES) (Xia, 2012). The sensory system along 
with the data acquisition and transmission system are actual located on the structure, were the 
others are offsite and aid in the monitoring and data analysis portion of SHM. 
  How it all works: Sensors are placed throughout the bridge to measure data at critical points in 
the structure. The data acquisition and transmission systems then capture that data and 
transmit that data offsite to the data processing and control system. The data processing and 
control system then stores and displays the data. Now that data is comprised for management 
and is now ready for introduction into the structural evaluation system. 
 SES systems can be used for many different processes online and offline. According to Xia and 
Young they are as followed: The online is mainly to compare the measurement data with the 
design values, analysis results, and pre-determined thresholds and patterns to provide a 
prompt evaluation on the structural condition. The off-line incorporates varieties of model 
based and data-driven algorithms; for example, loading identification, modal identification and 
model updating, bridge rating system, and damage diagnosis and prognosis (Xia, 2012).  
Below is a diagram of how a SHM would work as a system. The diagram includes PIMS (portable 
inspection and maintenance system) and PDAS (portable data acquisition system) which would 
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typically be used on very large scaled bridge projects and will not be considered in the scope of 
this project, but I feel it still demonstrates the systems process effectively. 
 
Figure 3: SHM System Process (Xia) 
The design of a bridge SHM system requires the designer to understand different aspects about 
the bridge structure and the parties involved with the bridge. The first to be considered is the 
characteristics of the bridge and the environment that it will be in. for example what type of 
weather will the bridge experience over its lifetime and also whether or not it will be in water 
or not.  
Another consideration is working with the bridge designers and owners to truly understand the 
different aspects of the bridge project and to also meet their needs and work within a budget. It 
is very important to understand these parameters because each individual bridge project has 
unique demands and characteristics and must be understood before a system is designed for it. 
According to Xia and Young the following considerations should be implemented into the 
design process: 
 • The parameters to be monitored, such as temperature, wind, displacement, and corrosion; 
• The nominal value and expected ranges of the parameters;  
• The spatial and temporal properties of the parameters, for example, variation speed of the 
measurands, location of the measurands;  
• The accuracy requirement; 
• The environment condition of the monitoring;  
• The duration of the monitoring. (Xia, 2012) 
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Once these parameters have been considered the development of a sensatory system is now in 
order. Sensors should be picked based on the size and complexity of the bridge and also the 
demands of the monitoring system. When picking sensors there are many aspects to consider 
such as accuracy, durability, effectiveness, cost, and each ones measurement process.  
Also when picking sensors the environment they will be in must also be considered, things like 
humidity, temperature, and general weather aspects of the surrounding environment. In terms 
of this project environment will not be considered do to the model being in a controlled 
laboratory environment were weather and thermal effects have no bearing on the outcome of 
data.   
Also to be considered in the design process is the overall budget of the project as well as the 
instillation of the system. Things like sensor placement, how there connected to one another 
and also maintenance of the sensors must be considered as well.  
4. Sensors 
There are a wide variety of sensors that can be used for structural health monitoring and this 
section is devoted to exploring a good number of them to truly understand there uses and 
whether or not they would be feasibly for a small scale system design such as this project. Some 
of the sensors won’t be considered based on their application but it is still beneficial to 
understand them and how they could be used on a larger scale project. 
4.1 Strain Gauges 
One of the more commonly used sensors in SHM is the strain gauge. A strain gage is a sensor 
that’s used to measure the strain a structure undergoes overtime. When an object is under 
constant load including dynamic loads, the materials begin to wear and bend overtime. This 
fatigue and bending is nearly impossible to see but can be easily measured with a strain gauge. 
The way a strain gauge works is by measuring the strain of the structure constantly giving the 
person monitoring the structure an update on the condition of the structure. 
A strain gauge usually consists of a long strip of metal foil attached to a sheet of flexible     
material. The strip is thin and long, and zigzags back and forth between the insulating sheets to 
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maximize its length. The gauge is attached at each end to a Wheatstone bridge, a device that 
measures its resistance (David, 2012) 
The gage is than attached to various locations on the bridge to measure the strain it’s 
undergoing.  The figure below demonstrates how the strain gauge measures works by showing 
you that when load is applied to a structure the strain can measure the effects it has on it. 
 
Figure 4: Strain Gage Demonstration  
 
4.2 Accelerometers 
Another typical sensor used for a structural health monitoring system is the accelerometer. 
According to Dimension Engineering; “An accelerometer is an electromechanical device that 
will measure acceleration forces. These forces may be static, like the constant force of gravity 
pulling at your feet, or they could be dynamic - caused by moving or vibrating the 
accelerometer” (DimensionEngineering.com). 
 An accelerometer is used by engineers in a SHM system by understanding how the bridge is 
reacting under dynamic loads and more commonly used to analyze the effects of vibration on 
the structure.  
The way a typical accelerometer works is by the effect vibrations have on a piezoelectric 
material. When vibrations act on this piezoelectric material, it causes the material to “squeeze” 
which releases an electrical signal which is directly proportional to the forces acting on the 
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structure (Reference). By understanding how forces are acting on a structure, it can help 
predict different modes of failures and also were certain bridges need repairs or remolding. 
                          
Figure 5: Typical Accelerometer 
 
4.3 Temperature Sensors and Monitoring 
Another commonly used sensor in a SHM system is temperature sensors. Temperature sensors 
are throughout various parts of the bridge structure to measure each components temperature 
and ambient air temperature. Measuring temperature is a good indication of potential failure 
spots on the structure. It is widely recognized that changes in temperature significantly 
influence the overall deflection and deformation of bridges (Xia, 2012). 
When monitoring temperature throughout a structure sudden rises in temperature may 
indicate an immediate failure. Also understanding the temperature the various components of 
a structure will give you a good sense of how the material will act under different temperatures 
and its effects on the structure.  
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There are three main types of temperature sensors each with their own function: 
thermocouples, thermistors, and resistance temperature detectors. The diagram below shows 
the basic set up of a resistance temperature detector and how it works. 
 
Figure 6: Resistant Temperature Detector  
4.4 Wind Measurement Sensors 
Wind measurement  sensors provide you with not only the wind speeds that the structure is 
enduring, but they will also measure things like wind pressure and pressure distribution over 
different areas of the bridge. There are many different types of wind measurement sensors 
used in SHM systems including GPS, Doppler radar and sodar, and different types of 
anemometers and transducers.   
Each acts as a measuring device for different wind profiles but has a different process of 
measurement and application. It is important to understand the effects of wind on a bridge, in 
particularly a large bridge over water, to fully understand to effects it might have on the bridge 
structure and also the potential danger the structure might endure.  
4.5 Seismic Sensors 
Seismometers are sensors that measure the motion of the ground different causes of seismic 
waves and usually include short-period sensors and long-period sensors. According to Xia and 
Young there both based on the different principles and are described as followed: For short-
period seismometers, the inertial force produced by a seismic ground motion deflects the mass 
from its equilibrium position, and the displacement or velocity of the mass is then converted 
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into an electric signal as the output proportional to the seismic ground motion. Long-period or 
broadband seismometers are built according to the force-balanced principle, in which the 
inertial force is compensated with an electrically generated force so that the mass moves as 
little as possible.  
The feedback force is generated with an electromagnetic force transducer through a servo loop 
circuit. The feedback force is strictly proportional to the seismic ground acceleration and is 
converted into an electric signal as the output (Xia, 2012). 
 Each seismometer is design to measure the effects of seismic waves on the bridge structure 
whether their produced form earthquakes or nuclear bombs.  The figure below demonstrates 
the basic principles behind a seismometer. 
 
Figure 7: Basic Seismometer 
 
4.6 Load Cells 
Load cells are the most commonly used sensor in small scale SHM systems.  Load cells measure 
force on a particular area of a structure and are very effective in providing you data to aide in 
the understanding of how a bridge structure is responding to that force. Knowing the load or 
force the structure is under will give insight on whether or not the structure is being overloaded 
and how each particular member will respond to that overloading.  
There are many different ways a load cell collects and outputs data and is described by 
Engineering Technical Reference as follows:  Load cell designs can be distinguished according to 
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the type of output signal generated (pneumatic, hydraulic, electric) or according to the way 
they detect weight (bending, shear, compression, tension, etc.) (Reference). The figure on the 
next page is an example of a typical load cell that measures the effects of tensile and 
compressive loads. 
 
Figure 8: Typical Load Cell  
 
5. Data Acquisition & Transmission 
Data acquisition devices act as the middleman between sensors and computers. The way data 
acquisition occurs in a structural health monitoring system is by capturing the signals produced 
by a sensor and then converting that signal into data which in turn is transmitted to an offsite 
computer. 
 For a small scale system such as the one develop for this project, the transmission of data is 
quite simple, with the data acquisition system being connected to a computer and then the 
data being processed with a simple program.  
Configuration of a data acquisition and transmission system (DATS) in a long-term bridge 
monitoring system is generally much more complicated. It usually consists of local cabling 
network, stand-alone data acquisition units (DAUs) or substations, and global cabling network. 
The local cabling network refers to the cables connecting the distributed sensors to the 
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individual DAUs, and the global cabling network refers to the cables connecting the DAUs to 
central database servers (Xia, 2012). 
The way a data acquisition system is setup is a vital part of the design process. If certain 
parameters are not met then the quality of data being transmitted will not be adequate enough 
for processing. To insure the quality of the data being transmitted then you must consider the 
compatibility between the sensors and DATS, the distance between sensors and DATS, and also 
the quality of the hardware being used. All of these plat a vital role in the quality of data 
acquired.  The figure below demonstrates the relationship between sensors, DATS and data 
collection. 
 
Figure 9: Relationship between Sensors & DATS  
 
5.1 Data Processing 
Once the data acquisition system has been tested on is functioning properly then data 
processing begins. Data processing is a critical step in a structural health monitoring system 
because it provides the process data to be complied, stored and viewed.  
The functions of the data processing and control system include: 1) control and display of the 
operation of the data acquisition system; 2) pre-processing of the raw signals received from the 
data acquisition system; 3) data archive into a database or storage media; 4) post-processing of 
the data; and 5) viewing the data (Xia, 2012).  
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This data once processed will be the results of the structural health monitoring system and will 
provide pivotal information about the health of the bridge structure. This information will also 
be further analyzed and coupled with design and structural analysis data, to determine critical 
points in the structure, damage occurred in the structure, and also potential points of failure. 
The figure on the next page is a flow chart that demonstrates how data is used throughout a 
structural health monitoring system. 
 
Figure 10: Flow Chart Showing Data Process in SHM  
 
6. Bridge Failures 
Understanding the various causes of why bridges fail is a vital part in the design of a structural 
health monitoring system. To truly understand what causes failure will provide key information 
on were sensors should be placed but also to prevent these failures from reoccurring again. 
Bridge failure can not only cause extensive damage to the bridge causing it to be unusable, but 
can also cause loss of life and have serious economic implications on the city or town that relies 
on that bridge.   
There are many different causes of bridge failure each with different impacts. The most 
commonly occurring according to a 2005 study done by Kumalasari Wardhana and Fabian 
Hadipriono of Ohio State University, is flooding and scouring. 
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 Flooding and scouring according to the study makes up for 53% of all bridge failures, regardless 
of what type of bridge it is. Flooding and scouring has been known to wash away piers, footings, 
abutments and even whole bridges under extreme conditions. 
Another major cause of bridge failure and the second leading cause according to the 2005 study 
were overloading. When bridges are design there are certain design criteria that must be met 
with one of the most important being loading. Bridges are unique in the sense that the 
experience many types of loading such as dynamic loading, which can be difficult in to design 
for. During the design process bridges are rated to carry a certain amount of load with a factor 
of safety calculated in, but sometimes things like heavy traffic or an abundance of people will 
conjugate on the structure causing the load to be well over the load rating in turn causing 
failure. This will lead to major sections of the bridge to experience failure. 
Finally, the two other major causes of bridge failure are design flaws alongside deterioration, 
and earthquakes. Improper design and deterioration according to the 2005 study account for 
9% of bridge failures with earthquakes accounting for 3%. Design flaws alongside deterioration 
cause a major threat to older bridges. Often certain design flaws won’t be recognized until the 
deterioration has begun. Often the design flaw is not being able to account for deterioration 
and how it will affect the structure.  
 Unfortunately, in terms of earthquakes there is only so much you can design for to try to 
prevent seismic failure before you begin to over design the structure driving up the cost. The 
figure below shows the I-35 bridge collapse of 2007. 
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Figure 11: I-35 Bridge Collapse 
As seen from the picture above, it is very important to understand how and why bridges fail. 
The implementation of a structural health monitoring system along with certain safety 
precautions could have salvaged this bridge and prevented the loss of life. Also it could have 
saved the state of Minnesota millions of dollars in damages and loss. 
7. Methodology 
The focus of the project as previously stated will be to develop a structural health monitoring 
scheme based on a three dimensional model using accelerometers. In order to develop a SHM 
scheme for the model, there are many steps and procedures they were carefully followed to 
insure proper data collection and sensor placement. 
7.1. 2D Truss Analysis 
To develop a SHM system based on the 3D model was to first analyzed the structure and 
understand the different effects of loading to build a computer model. The first step was to 
take measurements of the truss, member by member to determine its dimensions. After 
dimensions were carefully measured and recorded a two dimensional analysis of the truss was 
carries out to see how each member responded to loading.  This 2D analysis included a 
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complete truss analysis as well as construction of influence lines to see how the structure 
would theoretical respond as load moved across it.  
 Influence lines play a big role in developing a computer model to be used for SHM because 
they give a visual comparison of the accuracy of the computer model versus the experimental 
data. The influence lines are usually constructed by using a unit load to find an equation that 
will tell you how the loads will act along the span of the truss.  
Once the necessary data was obtained, the information was plotted using AutoCAD 2012 to 
show not only the influence lines themselves, but also to see those alongside the truss to get a 
good visual since on how these members reacted to load along the span. The influence lines 
can be seen in Appendix B. 
Once the two dimensional analysis was complete then I used Risa-2D, a structural analysis 
software to confirm my calculations. It was important to compare and confirm my calculations 
with Risa-2D to not only prove that my calculations were right, but to also prove that the 
software worked correctly and that it could be relied upon. 
Once confirmed, the next step was to create axial force diagrams using the same computer 
software used to construct the influence lines (Risa-2D). The axial force diagrams provided a 
visual representation of where the accelerometers should be placed based on which members 
dealt with the greatest variation of axial load. 
The diagrams constructed show you the axial forces along the entire span of the truss bridge 
and how the forces change when the load is changed.  Axial force diagrams are important to 
understand to show you the force each member is facing under loading, also whether the 
member is in tension or compression.  An example of an axial force diagram can be seen in the 
figure below. 
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Figure 12: Axial force diagram 
 
Once the axial force diagrams are constructed it was now time to determine the deflections of 
each joint in the truss and to construct deflection diagrams to have a visual aid in the 
understanding process. Typically the deflections are hand calculated joint by joint using various 
methods. 
 In terms of this analysis, the same computer software, Risa-2D was used to obtain the 
deflection data and also create the deflection diagrams. The deflection diagrams are important 
to show you the actual shape of the structure when its members are experiencing deflection. 
An example of a deflection diagram with a deformed shape can be seen in the figure below. 
 
Figure 13: Deflection Diagram 
The axial force in each member, joint deflection and influence lines are created using a unit 
load to develop a loading pattern to begin the analysis process. Unit loading provides a starting 
point and will be critical when comparing experimental data to analytical data to insure the 
experimental will follow a similar loading pattern. 
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 After each one of these parameters was analyzed using unit loading, they were then analyzed 
using the weight applied during the experimental procedure.  This process helps eliminate 
errors that could just occur from beginning the analysis with the experimental weight. The unit 
load is much less complicated and provides bases, with the load being able to be changed to 
adjust for any kind of loading condition. 
7.2. 3D Truss Analysis 
Once the Risa-2D model was working correctly and the influence lines as well as axial and 
deflection diagrams were completed it was then time to perform a three dimensional analysis 
to relate it to the 3D Truss model and discover its loading responses.  
The first step I took in preforming a three dimensional truss analysis was to generate a 3D 
computer model of the truss in question, using a structural analysis program called SAP2000. To 
construct the 3D computer model the dimensions of the actual 3D truss model were used to 
insure the proper data output. 
The reason Sap2000 was used for the 3D analysis was due to its much broader capabilities. The 
Risa-2D software is very effective for the 2D analysis portion of the model development and 
aided in the development of the 3D model. The 2D analysis provided a good basis of 
comparison for the development of the computer model. 
 Once the computer model was created it was then time to make it compatible to the Risa-2D 
model to test the accuracy of the computer model. After many adjustments and configurations, 
the data from the 2D and 3D computers matched exactly.  
In order to achieve this certain assumptions commonly made with 2D truss analysis such as 
pinned connections which prevent shear and bending effects from occurring in the structure 
had to be implemented into the 3D computer model to have the output data be the same.   
Also to further verify the Sap2000 structural analysis software and to generate a 3D computer 
model, a text book example of a space truss with given results was analyzed.  Once the example 
was input into the Sap2000 structural analysis software and matching results were confirmed, it 
furthers my confidence in the software. It is very important to verify the structural analysis 
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software because even the slightest error can give you false result and therefor hinder the 
design process.  
After the verification process was complete and the computer model was working effectively 
the generation of three dimensional axial force diagrams were generated to compare with the 
two dimensional axial force diagrams. These three dimensional axial force diagrams provide 
you with a good visual sense of how the entire structure is responding during loading and gives 
some insight in were the potential placement of accelerometers should be.  An example of a 
three dimensional axial diagram can be seen in the figure below.  
 
Figure 14: 3D Axial Load Diagram 
 
7.3. 3D Truss Model & Data Collection 
Once analysis and computer models were correct and complete, then the actual truss model 
was to be analyzed. The truss model comes equipped with four load cells and a load amplifier 
and recorder (data acquisition and transmission device) that records the data and sends it to a 
computer program.  
To understand how the truss models loading responses were to be used for accuracy testing, I 
placed a 2.0875lb weight along the top span of the truss. To develop a comparison with the 
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computer models, I placed the weight in three critical areas along the top span. Once the 
weight was atop the first spot and then the other two spots, the axial force was recorded in 
each member to develop a sense of the loading effects. An example of the setup can be seen in 
the figure on the next page. 
 
Figure 15: Data Collection Setup 
To record the measured data from a particular member, the load cell was attached to it with a 
wire running from the load cell to the load amplifier and recorder and from the load amplifier 
and recorder to a computer.  The computer was equipped with a computer program (data 
processing and control system) that received the data and processed it in real time to produce a 
graph of the force over time. When the load the load is placed on the structure a graph is 
immediately being produced. An example of this graph can be seen in the figure below: 
28 | P a g e  
 
 
Figure 16: Data collection Process 
To capture data from the data processing and control system, there were several steps involved 
to insure consistency in the data that was recorded.  
 First was to insure proper connection between the load cell, member, and structure.  
 Next was check all electrical connection to make sure data was being recorded. 
  Then the program is started and zeroed to insure accuracy. 
  Now the load is placed on the top of the structure symmetrically, with equal over hang 
on each side of the weight.  
 Then at least 40 seconds of running time were allowed so that the loading stabilizes and 
the proper axial load can be recorded. 
 The data was recorded for that member. 
 Steps were repeated until each member was analyzed. 
 
Once this process was carried out thoroughly then tables were constructed to compare data 
from the computer models and the actual model. The influences lines were created from the 
experimental data to compare the actual effects of loading across the span compared to the 
analytical effects.  
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7.4 Computer Model Verification Results 
During the course of this project, there were key results that aided in the understanding of the 
SHM process as well as the overall outcomes.  These results will consist the two dimensional 
truss analysis, the three dimensional analysis, as well as the experimental analysis. All of this 
data was critical in developing a computer model to be used to generate accelerations to be 
compared to the experimental data.  
7.4.1. 2D Truss Analysis Using Experimental Weight 
After the axial force, influence lines and joint deflections were fond, and then the process was 
repeated using the load that was applied during the experimental testing. This step is necessary 
to provide a system of checks and was used to create the initial computer models, which were 
then used to analyze the experimental weight to compare with experimental data. 
When preforming the two dimensional truss analyses using the experimental weight, there 
were key findings which were then compared to the unit loading results. The most important 
finding during the two dimensional analysis were the axial force in each member and how they 
responded to the experimental weight, whether it was in compression or tension, including the 
magnitude.  
This information was critical because it validated the generation of the computer model. In the 
figure below you can see the axial force in each member using the experimental weight.  This 
data represents the analytical results which later on in this report will be compared to the 
experimental results. 
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Figure 17: Axial Force from Experiment Weight-Analytical Results 
From the analytical results produced by the experimental weight, influence lines were then 
created. The findings from the influence lines were that the load pattern matched identically to 
the ones created with the unit loading, with the magnitudes being different. This is due to a 
larger magnitude of load being used.  
This finding provides consistency within the methodology of this project, which helps confirm 
the process. An example of two members influence lines can be seen in the figure below, the 
influence lines for the entire truss can be seen in Appendix B.  
 
 
Figure 18: Influence Lines Using Experimental Weight 
 
Member 5" 15" 25"
AB -0.911 -0.547 -0.182
BC -0.911 -0.547 -0.182
CD -0.547 -1.641 -0.547
DE -0.547 -1.641 -0.547
EF -0.182 -0.547 -0.911
FG -0.182 -0.547 -0.911
HA 1.289 0.773 0.258
HC 0.258 -0.773 -0.258
IE 0.258 0.773 -0.258
EJ -0.258 -0.773 0.258
JG 0.258 0.773 1.289
IH 0.729 1.094 0.365
IJ 0.365 1.094 0.729
IC -0.258 0.773 0.258
Loading Position Along Span
Axial Force Produced By Risa-2D Computer Model 
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7.4.2. 3D Truss Analysis Results 
During the three dimensional truss analysis there were two particular results that was being 
focused on, that of the data to compare to the two dimensional analysis which would then in 
turn be compared to the experimental data and the visual models produced by the 3D 
computer model.  
The importance of this comparison was very critical to this project. It was so critical due to the 
fact that if the all models weren’t comparable then the 3D computer model could not be used 
to do more complex analysis of the 3D truss model.  
The findings from the 3D truss analysis were exactly as expected in terms of the axial loading of 
each member, they were identical. This confirmation was another breakthrough in terms of the 
project because it justified the setup and continued use of the 3D computer model for the 
analysis it could be used for. The figure below is a comparison between the three and two 
dimensional analysis preformed on the truss. 
 
 
Figure 19: Comparison of Computer Model Results 
 
Risa-2D Sap2000 Risa-2D Sap2000 Risa-2D Sap2000
Member
AB -0.911 -0.911 -0.547 -0.547 -0.182 -0.182
BC -0.911 -0.911 -0.547 -0.547 -0.182 -0.182
CD -0.547 -0.547 -1.641 -1.641 -0.547 -0.547
DE -0.547 -0.547 -1.641 -1.641 -0.547 -0.547
EF -0.182 -0.182 -0.547 -0.547 -0.911 -0.911
FG -0.182 -0.182 -0.547 -0.547 -0.911 -0.911
HA 1.289 1.289 0.773 0.773 0.258 0.258
HC 0.258 0.258 -0.773 -0.773 -0.258 -0.258
IE 0.258 0.258 0.773 0.773 -0.258 -0.258
EJ -0.258 -0.258 -0.773 -0.773 0.258 0.258
JG 0.258 0.258 0.773 0.773 1.289 1.289
IH 0.729 0.729 1.094 1.094 0.365 0.365
IJ 0.365 0.365 1.094 1.094 0.729 0.729
IC -0.258 -0.258 0.773 0.773 0.258 0.258
5" 10" 25"
Comparison of both Computer Models
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7.4.3. Truss Analysis – Experimental Results 
When preforming the experimental portion of this project there were many key findings that 
aided in the development of a computer model for the 3D truss model. The most important 
findings of the experimental portion were the actual axial force in each member. These findings 
were very important because they define the actual loading responses of the model and help 
with the overall comparison of the three models.   
The axial forces found during the experimental process were very close to those found in the 
computer models. This set of experimental data proved that models were not only accurate but 
it also justified the use of those models to identify critical aspects of the model for sensor 
placement. The figure below shows the experimental results and when compared to figure 25, 
you can see the overall effectiveness of the experimental procedure. 
 
Figure 20: Experimental Results 
After the experimental data was collected and recorded, it was used to construct the 
experimental influence lines of the truss members. The experimental influence lines are the 
most critical because there showing you the actual response of the structure. These influence 
lines are the breakthrough needed to truly understand the structure and base a structural 
health monitoring system after it.  
Member 5" 15" 25"
AB -0.816 -0.495 -0.128
BC -0.719 -0.454 -0.166
CD -0.528 -1.472 -0.609
DE -0.501 -1.562 -0.472
EF -0.148 0.526 -0.807
FG -0.187 -0.495 0.901
HA 1.25 0.785 0.184
HC 0.216 -0.753 -0.279
IE 0.223 0.724 -0.274
EJ -0.236 -0.717 0.214
JG 0.223 0.76 1.254
IH 0.672 1.063 0.427
IJ 0.342 1.052 0.717
IC -0.229 0.755 0.241
Loading Position
Experimental Results
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The key finding from the influence lines is that they closely relate to the influence lines created 
by the computer model data. This relation provides the critical data needed for the design and 
coupled with some visual computer generated models, will determine the placement for the 
sensors need for the system. 
 The figure below is an example of two influence lines created using the experimental data. If 
you compare these influence lines with figure 2, then it will provide you with a visual 
comparison between the analytical influence lines to the experimental influence lines. The 
complete experimental influence lines can be seen in Appendix B. 
 
Figure 21: Experimental Influence Lines 
 
7.5. Acceleration Measurements 
Once the computer models were working properly it was then time to analyze the model in 
terms of accelerations. Accelerations give insight on how the structure response to vibrations 
due to loading. To carry out the acceleration testing first the 3D computer model was used to 
determine the effects of acceleration due to loading. Once the Computer model generated the 
accelerations due to the 2.0875 lb. load, then the experimental data collection took place. 
To determine the accelerations on the 3D model, accelerometers were used to measure the 
vibrations caused by the load. This was accomplished by attaching accelerometers on various 
parts of the model and then systematically dropping the weight to produce vibrations 
throughout the structure.  
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The accelerometers were attached to not only the model, but also a computer with the 
computer program LABVIEW running to capture the effects of accelerations. The weight was 
dropped from a half inch above the top of the truss. The weight was dropped directly in the 
center so that vibrations would be produced from a central point to make the procedure 
consistent. To insure consistency, the force was measured each time using the load cells. The 
procedure to measure the force from the weight is the same as in section 7.3 except in this case 
the weight is being dropped from a specific height. A diagram of the setup can be seen in the 
figure below. 
 
Figure 22: Diagram of Acceleration Measurement Setup 
To capture the vibration data required a systematic process to insure proper data collection. 
The first step was the instillation of the accelerometers. The accelerometers were attached to 
specific members of the truss model using a bolt to firmly attach them to the structure. The 
figure below shows a diagram of the instillation to a member of the truss. 
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Figure 23: Accelerometer Instillation Diagram 
 
Once the data was collected then the accelerometers were moved to collect data in other 
sections of the model. In order to collect consistent data, the accelerometers were placed 
strategically throughout the model. The sensors were placed in several locations shown in the 
diagram below. 
 
Figure 24: Accelerometer Placement Diagram 
The placement of the accelerometers during testing, were located in these areas to not only 
make measurements but to gather measurements throughout the truss to understand the 
impact of the vibrations on the model. 
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Once the data was recorded, then graphs were produced to get a visual sense of how the 
accelerations were formed when dropping the weight.  These graphs were than compared to 
the computer models. These graphs are very important to develop so that later on they can be 
used as a basis to detect damage in the structure.  Also knowing what the accelerations should 
be in certain areas of the model will also give insight to which area of the model has had a 
change in its stiffness from damage. An example of one of the graphs produced from the data 
collection process can be seen in the figure below. 
 
 
Figure 25: Acceleration Graph 
The figure above shows a time history response. The time history responses are converted to 
frequency responses using the Fast Fourier Transform method. To achieve this, the data is 
transferred from LABVIEW to Microsoft Excel and then converted using the Fourier transform 
function in Excel. 
 
7.6. Acceleration Experimental Results: 
During the acceleration experimental portion of this project, there were key findings made that 
aided in the comprehension of a structural health monitoring scheme using accelerometers. 
One of the most important results that were obtained from the acceleration procedure was the 
data collected to produce the visual representation of the accelerations measured.  Tables were 
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not constructed due to the shear size of the data collected, so graphs were produced to better 
represent the data.   
Another finding was the comparison of data between the computer model and the 
experimental data. This further validated the use of the computer model and would allow it to 
be used for many different applications 
The computer model only had the capacity to produce a much smaller amount of data points 
compared to the LABVIEW software. This was due to the restricted version of the SAP 2000 
structural analysis software. Even with fewer capabilities the computer model produced a much 
smoother vibration frequency due to the accuracy of the program and its method of 
calculation. The accelerometers measured real time data and collected much more data points 
but proved to be within the range of the acceleration produced by the computer model. The 
following graphs demonstrate the comparison of the computer models FFT results to the 
experimental. The locations are based on the diagram in figure 24.  
 
 
Figure 26: Accelerometer Location One 
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Figure 27: Accelerometer Location Two 
 
 
Figure 28: Accelerometer Location Three 
 
 
Figure 29: Accelerometer Location Four 
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Figure 30: Accelerometer Location Five 
 
 
Figure 31: Accelerometer Location Six 
 
 
Figure 32: Accelerometer Location Seven 
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`  
Figure 33: Accelerometer Location Eight 
 
As you can see from the graphs above, the data collected from both methods are not very 
similar in acceleration magnitude and carry a different frequency. The reason for the difference 
is due to the errors that occur during the experimental process such as human error. This error 
can occur during the many aspects of the procedure even though there were strict guidelines 
that were followed to produce the data. They could occur as the weight is being dropped if 
there is a slight difference in height or if the weight does not drop perfectly straight each time. 
Also the differences are caused by the computer models assumptions. These assumptions 
include the stiffness based on the material and geometry of the computer model compared to 
the actual 3D model. These could all cause this slight variation in data. 
Another cause for the variations is due to the data limitations of the computer model. While 
using lab view, it can produce up to twenty thousand data points in one second, were the 
computer model only produces five hundred. This causes discrepancies between the two curves 
but it produces the proper frequency magnitudes. I would recommend that future MQP’s 
address this issue, to improve a pone the accuracy. 
7.7. Damage Detection in the Truss Model 
After the comparison of the computer model versus the experimental data was complete it is 
now time to damage the structure to see if it can be identified using the graphs previous 
shown. This is a very pivotal part of this project because it not only validates the experimental 
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procedure and sensor placement but it also demonstrates how accelerometers can be used to 
identify damage in a structure.  
The process in which the damage detection is carried out is by first damaging a specific aspect 
of the truss model. The “damage” done to the model is the loosening of one of the connections 
to change the overall stiffness of the structure. If the structure becomes less stiff, then it should 
vibrate with more frequency than its previous stiffened state. The truss model is damage at 
three different locations at different times to understand the effects of damage location. Once 
the model is damaged, then the accelerometers were attached to model the same way as 
demonstrated in figure 25.  
The data was also collected using the same process as in section 7.4. The figure below shows a 
diagram of were the damage had occurred and the accelerometer placement. The graphs 
below demonstrate the comparison of a health section of the truss model versus a damage 
section. The damage is indicated by a change in the frequency located in the damaged section.  
 
 
Figure 34: Damage & Accelerometer Locations 
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Figure 35: Accelerometer Location 1A 
 
 
Figure 36: Accelerometer Located 2A 
 
 
Figure 37: Accelerometer Located 3B 
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Figure 38: Accelerometer Located 4B 
 
 
Figure 39: Accelerometer Located 5C 
 
 
Figure 40: Accelerometer Located 6C 
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As you can see from the graphs above, the damage cause in the model is located by a method 
of comparison. They demonstrate that when damage occurs and the stiffness of the structure 
changes, (loose bolts, ext.) it changes the effects of accelerations. This can be view in the 
previous figures. Comparing the healthy, damaged and computer model accelerations in certain 
sections of the model can indicate to you were the damage is occurring.  
This simple structural health monitoring scheme gives a lot of insight into the model and could 
be used effectively for damage detection. Also for the insight into damage detection the figure 
below gives statistical analysis of the damage versus health sections of the model to give a 
numerical comparison. 
 
 
Figure 41: Table of Statistical Analysis 
 
8. Discussion 
The importance of understanding the effects of accelerations on the model were vital in 
understanding how it could be monitored for damage. Loading helped create the computer 
models and visuals needed to understand the critical aspects of the model.  This paved way for 
Location Min Max Median Variance
Healthy -42.741591 37.067845 -0.620793 5.743550958
Damaged -68.111883 41.866804 -0.636076 4.333257383
Healthy -58.443915 48.976574 -0.668988 6.274853487
Damaged -52.114297 41.396283 -0.699492 4.415402297
Healthy -20.045878 18.972408 -0.590226 2.620131192
Damaged -30.163428 31.611704 -0.620793 3.985660229
Healthy -23.821665 25.152805 -0.653736 2.513116411
Damaged -41.78863 40.831956 -0.68424 4.278617963
Healthy -20.283179 13.683231 -0.653736 1.249059917
Damaged -19.098313 18.208243 -0.620793 1.832154959
Healthy -20.283179 13.683231 -0.653736 1.249059917
Damaged -23.821665 25.152805 -0.653736 2.513116411
1A
2A
3B
4B
5C
6C 
45 | P a g e  
 
the development of using accelerations to monitor the how the structure responded to 
vibrations produced by loading.  
The development of a scheme to monitor the accelerations provided me with pivotal 
information about how damage could be detected in the model. The accelerations were 
measured then visuals were produced to analyze the structure area by area. This provided the 
necessary data to understand how stiffness change could indicate failure. When a change 
occurs in the overall stiffness of the model then it signifies damage or a loose connection 
between members demonstrated in the graph comparisons in the previous section. 
Not only will this provide data that will indicate damage and potential failure but it will also 
indicate the general area in which the damage is taking place. This is very advantages to 
understand because it demonstrates how structural health monitoring systems could be 
implemented in real life bridges and other civil structures.  
The structural health monitoring scheme setup for this model can be used very effectively to 
determine potential failures and damages but it also provides a stable monitoring system that 
could be used permanently. The downside to the scheme is that it does not monitor 
continuously like some advanced SHM systems. However, since the accelerations for each 
major section of the model have been determined. Then it can still be used for periodic testing 
over time to see the changes or damage occurring in the structure.  
When determining the placement of the accelerometers it was important to understand how 
they measured the vibrations. Different comparisons were made before the final placements 
were chosen. These comparisons provided me with the necessary information to decide the 
area in which the sensors were measuring. I discovered that when comparing the placement in 
the same area but different members, the outcomes were very rewarding. This showed me that 
the accelerometers were able to measure effectively for a good size area of the model. This 
provides key information when designing an advanced structural health monitoring system for 
a real bridge of building.  
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It demonstrates that an entire structure can be monitored using just a few sensors in key 
locations. This would make the instillation and monitoring process faster and cheaper to carry 
out, giving incentive to pursue such monitoring systems. 
The information gained also provides the necessary data to determine whether or not damage 
has already occurred in the system before the implementation of a structural health monitoring 
system. The way it provides such important data is by allowing you to compare the 
accelerations measured all the sections of the structure. When comparing you start to see 
patterns in the vibrations. If an accelerometer measures a section whose accelerations are far 
different from similar sections of the structure, it could indicate damage and further 
investigation.  
This is very advantages because it allows a structural health monitoring system to be 
implemented in any existing structure no matter how old. Most systems require the structure 
to be new and that the sensors are embedded during the construction phase. But these 
embedded sensors could even miss the damages that can occur during construction. 
9. Conclusion 
During the course of this Major Qualifying Project, there was lots of pivotal information and 
experienced gained.  Through the experimental process a structural health monitoring scheme 
was developed to detect damages that could occur in the 3D truss model. This information 
along with the understanding of different loading conditions gave great insight into the model. 
It provided me with a key understanding of how monitoring the different aspects of a structure 
can lead to the development of a functional health monitoring system. 
The development of a computer model based on the 3D truss model opens many doors and 
could provide key information about the model to further investigate wide variety of 
parameters. This includes not only functions I used to analyze it, but also things like dynamic 
vehicle loads, complex deformation analysis, and a wide variety of different loading conditions.  
The computer model developed to provide a comparison for the experimental data could be 
considered a major part of the structural health monitoring scheme developed for the 3D truss 
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model. After data is collected it is then processed and compared to the various capabilities of 
the computer model. It not only provides validation but also a structural analysis tool to be 
used for the implementation of even more complex monitoring systems. 
Upon completion of this project the key findings were as follows: 
 The generation a computer model to be compared with analytical data can provide a 
powerful tool to compliment structural health monitoring schemes 
 Through the study of accelerations and the effects of vibrations on a structure unlock 
pivotal information about the stiffness associated with that structure, and how it can be 
used to detect damage 
 Vibration based damage detection is a very effective method of monitoring and can be 
accomplished using very few sensors and be implemented into any structure. 
 The physical properties such as stiffness and mass hold the key to developing an 
effective and reliable structural health monitoring system 
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Appendix A: 2D Truss Analysis Report 
Introduction 
The problem under investigation is that of the analysis of a truss. Dimensions were obtain 
through measurement and through the use of computer software a complete analysis of the 
truss will be carried out. The task to analyze the truss begins with analyzing each member of 
the truss member by member, to see how the truss response to loading acting across the entire 
span of the truss. Once the analysis has been completed diagrams showing influence lines and 
deflection will be obtain to fully understand how the truss reacts. This analysis will aid in the 
implementation of a structural health monitoring system which will help identify critical parts 
of the structure. This will help for see failures that could occur but also help understand the 
overall safety of the truss after a disaster   
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Methodology 
In the analysis of a truss, member by member requires a number of steps to complete the task 
at hand. First influence lines are constructed to see how each member reacts to load. The 
influence lines are usually constructed by using a unit load to find an equation that will tell you 
how the loads will act along the span of the truss.  In terms of this analysis a computer software 
program Risa-2D, was used to generate the data needed to construct the influence lines. Once 
this data was obtained, the information was plotted using AutoCAD 2012 to show not only the 
influence lines themselves but also to see those alongside the truss to get a good visual since on 
how these members reacted to load along the span. 
After the influence lines were created and plotted the next step was to create axial force 
diagrams using the same computer software used to construct the influence lines (Risa-2D). The 
axial force diagrams show you how each member of the truss is reacting to load at a specific 
point. The diagrams constructed show you the axial forces along the entire span of the truss 
bridge and how the forces change when the load is changed.  Axial force diagrams are 
important to understand to show you the force each member is facing under loading, also 
whether the member is in tension or compression.  
Once the axial force diagrams are constructed it is now time to determine the deflections of 
each joint in the truss and to construct deflection diagrams to have a visual aid in the 
understanding process. Typically the deflections are hand calculated joint by joint using various 
methods. In terms of this analysis, the same computer software, Risa-2D was used to obtain the 
deflection data and also create the deflection diagrams. The deflection diagrams are important 
to show you the actual shape of the structure when its members are experiencing deflection. 
All of these steps are crucial in the analysis of a truss. They are important not only to obtain 
data to design   but also important for understanding how the structure response to loading. 
This understanding will help with the implementation of a structural health monitoring system 
because the data obtained will show you critical parts of the structure. 
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Deflections 
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Deflecetion Diagrams 
 
Discussion 
After the analysis of this truss there were a few key aspects that were found that guide in the 
understanding of this structure. First key aspect was that when loading the structure there 
were three zero force members. These zero force members did not react under loading and 
there only pivotal role in the structure is connection and support. This is important data 
because locating the zero force members in a truss will help with the design process and effect 
things such as constructability and economics. 
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Another key finding in this analysis was that only four members in the entire truss experience 
both tensile and compressive forces. Understanding whether a member is experiencing tension 
or compression or both is crucial in the design process. Member experiencing one or both of 
these types of reactions will be design differently and different checks and design processes are 
carried out to insure proper design. 
Also another key finding was that members HA and JG experienced the greatest amount of 
tensile load. This not only gives you crucial information when designing the truss but it also 
shows you a critical point in the structure. HA and JG can be identified as critical members, so 
when design a structural health monitoring system these members should be consider in the 
design process. 
Finally another key finding was that joint D experiences the most deflection under loading. 
Going back to the design of a structural health monitoring system, joint d would be another 
critical part of the structure. In the design process special attention should be shown to joint D 
to insure proper design as well as proper monitoring to avoid issues. 
Conclusions 
In this design process there was critical data that was obtained as well as good understanding 
on how this truss would respond under loads acting along its span. This information with aid in 
the design of the structure itself but also gave key information about were to implement a 
health monitoring system. It was fond that what members experienced the most load as well as 
what joints experienced the most deflection, which in turn help with identifying critical parts of 
the structure.  It is important to obtain such information when designing to ensure not only a 
properly designed structure but also to help implement a health monitoring system that could 
prevent failures and insure the overall safety of the truss. 
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Appendix B: Influence Lines 
Analytical 
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Experimental 
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Appendix C: Analytical Data Compared to Experimental-Axial Loading 
 
 
 
 
 
 
 
 
 
Member Risa 2D Sap2000 - 3D Truss Model
AB -0.911 -0.911 -0.816
BC -0.911 -0.911 -0.719
CD -0.547 -0.547 -0.528
DE -0.547 -0.547 -0.501
EF -0.182 -0.182 -0.148
FG -0.182 -0.182 -0.187
HA 1.289 1.289 1.25
HC 0.258 0.258 0.216
IE 0.258 0.258 0.223
EJ -0.258 -0.258 -0.236
JG 0.258 0.258 0.223
IH 0.729 0.729 0.672
IJ 0.365 0.365 0.342
IC -0.258 -0.258 -0.229
Axial Force in Each Member-Loading Position One
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Member Risa 2D Sap2000 - 3D Truss Model
AB -0.547 -0.547 -0.495
BC -0.547 -0.547 -0.454
CD -1.641 -1.641 -1.472
DE -1.641 -1.641 -1.562
EF -0.547 -0.547 0.526
FG -0.547 -0.547 -0.495
HA 0.773 0.773 0.785
HC -0.773 -0.773 -0.753
IE 0.773 0.773 0.724
EJ -0.773 -0.773 -0.717
JG 0.773 0.773 0.76
IH 1.094 1.094 1.063
IJ 1.094 1.094 1.052
IC 0.773 0.773 0.755
Axial Force In each Member-Loading Posistion Two
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Member Risa 2D Sap2000 - 3D Truss Model
AB -0.182 -0.182 -0.128
BC -0.182 -0.182 -0.166
CD -0.547 -0.547 -0.609
DE -0.547 -0.547 -0.472
EF -0.911 -0.911 -0.807
FG -0.911 -0.911 0.901
HA 0.258 0.258 0.184
HC -0.258 -0.258 -0.279
IE -0.258 -0.258 -0.274
EJ 0.258 0.258 0.214
JG 1.289 1.289 1.254
IH 0.365 0.365 0.427
IJ 0.729 0.729 0.717
IC 0.258 0.258 0.241
Axial Force in Each Member-Loading Three
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